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RESEARCH MEMORANDUM

AERODYNAMIC LOAD DISTRIBUTION OVER A 45° SWEPT WING
HAVING A SPOILER-SLOT-DEFLECTOR AILERON AND
OTHER SPOILFR ATLERONS FOR MACH NUMBERS
FROM 0.60 TO 1.03

By F. E. ﬁest, Jr., Charles F. Whitcomb,
and James W. Schmeer

SUMMARY

A loads investigation was made with flap spoiler ailerons, deflec~
tor allerons, and a spoiler-slot-deflector aileron on a 45° swept-wing—
body combination. These controls were located in the viecinlty of the
TO-percent wing chord line and extended outboard to 87 percent of the
wing semispan. Control projection was varied only for the deflector
ailerons. The wing had an aspect ratio of L, a taper ratio of 0.60, and
NACA 65A006 airfoil sections parallel to the plane of symmetry. Static
pressures were measured on the wing and some of the controls at several
spanvwise stations for Mach.numbers from 0.60 to 1.03, Reynolds numbers

from 5.05 X lO6 to 6 x 106, and an angle-of-attack range of about 0°
to 20°. , :

This investigation is a closely related extension of a pressure
study (see NACA RM I54Cl7a) of retractable spoiler ailerons. The results
of these two investigations indicete that the effects of flap spoiler
ailerons and retracteble spoiler ailerons on the wing pressures are
generally similar. Adding a slot deflector to a spoller-aileron con-
figuration creates low pressures on the deflector rear surface and the
subsequent wing lower surface which have a favorable effect on rolling
moment, perticularly at high angles of attack. At low angles of attack
the low pressures associated with a slot deflector have their largest
effects on the spanwlse and chordwise loadings for a swept wing at the
inboard stations. These low pressures tend to be of the same magnitude
as the upper-surface pressures behind a spoiler which are lowest at the
inboard stations. At high angles of attack where a spoiler has a rather
small effect on wing loading, the low pressures assoclated with a
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slot deflector affect the loading over most of the wing span. The control
spanwise load distributions were similar in shape for the spoiler aileron
and the spoiler and deflector components of the spoiler-slot-deflector
alileron at low angles of attack. '

INTRCDUCTION

Very few pressure data for spoiler-sileron configurations have
been available at transonic speeds for use in load calculations or in
studying the effects of—spoller ailerons on the flow about wings. A
test program was, therefore, initisted in the Langley 16-foot transonic
tunnel to provide static-pressure data for various spoiler-aileron con-
figurations in the transonic speed range for a largé angle—of-attack
range.

The initial results of this test program (see ref. 1) were for a
450 swept-wing-~body combination having retractable and plug spoiler
ailerons. The most recent phase of this test-program, reported herein,
was primarily the investigatlion at- 0° yaw of spoiler-slot-deflector
ailerons and flap spoiler ailerons on essentially the same model used
in the initial phase. These controls were located in the vicinity of
the T7O-percent wing chord line and extended from the vicinity of the
body to 87 percent of the wing semispan (same as the spoiler ailerons
used in the initial phase of the investigation).

In this paper the wing normal-force characteristics, centers of
load, and span-load and chordwise pressure distributions for one of the
spoller-slot-deflector alleron configurations and one of the flap spoiller-
aileron configurations are compared with those for the basic model.
Tabulated wing pressure coefficients and spoller and deflector loading
characteristics are also given for these two control configurations.
The effects of wing leading-edge chord-extensions on the spoiler-slot-
deflector loads are also included. There are shown, Iln addition, the
effects of varying projection of-a deflector aileron and of removing
inboard segments of the flap spoller aileron on the wing chordwise
pressure distributions. Execept for the configurations having only a
deflector alleron, control projection was not varied.

A few of these pressure data results ﬁéye been pfeéented in refer-
ence 2 and six-component forece balance data obtained simultanecusly
with the present pressure data have been presented in reference 3.
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SYMBOLS

A1l chords are parallel to the vertical plene of symmetbtry.
coefficients include contribution of controls.

b wing span
bi inboard-end location of various controls
c local basic wing chord
¢ average basic wing chord
c! basic wing meen serodynemic chord
<] local chord of deflector rear face
Ed average chord of deflector rear face
Cq local chord of spoiler front face
€ average chord of spoller front face
cn wing section normal-force coefficient,
Wing section normal force
qc
cn deflector section normel-force coefficient,
a Deflector section normal force
acy
Cn spoiler section normel-force coefficlent,
5 Spoiler section normal force
dcg
CN wing-panel normal-force coefficient,
1.0 ’
c y
Cn - d(——)
fo.135 c \v/2
Pl - P
Cp pressure coefficient, T
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distance along ey megsured from deflector leading edge

distance along ¢4 measured from deflector leading edge to
deflector section center of load

free-stream Mach number

free-stream statlic pressure

local static pressure

free-stream dynamic pressure

distance along c measured from spoller hinge line

8

distance along c¢g; measured from spoller hinge line to
spoller section center of—load

total wing area

distance along c¢ measured from wing leading edge, positive-
downstream

longitudinal location of wing section center of load measured
from wing leading edge, positive downstream

longitudinal location of wing panel center of load measured
from leadilng edge along c', positive downstream

lateral distance from plane of symmetry

lateral location of wing panel center of load measured from
plane of symmetry

angle of attack

projection of deflector into airstream, fraction of c,
measured from wing surface perpendlcular to wing chord line

projection of spoiler into airstream, fraction of e,
nmeasured from wing surface perpendicular to wing chord line
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Tunnel and Model

The investigation was conducted in the Langley 16-foot transonic
tunnel, the airflow and power characteristics of which are presented
in reference 4. Figure 1 presents the geometric detaills of the sting-
supported model. The steel wing had a quarter-chord line sweep of 45°,
a taper ratio of 0.60, en aspect ratio of 4.0, and NACA 65A006 airfoil
sections parallel to the plane of symmetry. The wing had no geometric
incidence, dihedrel, or twist, and was mounted in e midwing position
on the fuselage. The steel fuselsge was a body of revolution wilth =
fineness ratio of 10. (See ref. 1 for fuselage ordinates.) The quarter-
chord point of the wing mean aserodynamic chord was located at the longi-
tudinal position of the meximum fuselage diameter.

Lateral=Control and Chord-Extension Configurations

Figure 2 shows some of the geometry of the lateral-control and
chord-extension configurations used in the test program. More exten-
give geometric sectional detalls for the spoiller-slot-deflector aileron
and one of the deflector aillerons are shown in figure 1. All the control
devices were made of steel and were mounted on the left wing.

Except for modifications involving the removal of small inboard seg-
ments, the seme spoiler was used tor all configurations that included a
spoiler. It was projected 7.8 percent of the wing local chord sbove
the wing upper surface and was hinged at the 68.l1-percent wing chord line.
(See fig. 1(b).) 1In the undeflected position, this spoiler would extend
over 12 percent of the wing chord. When the inboard end of the spoiler

extended to the fuselage (bi ~ O;UL%), the fuselage-spoller Jjuncture

was sealed. The wing slot (3.8 percent of the local wing chord) extended
from 15 to 87 percent of the semispan. Ribs, which had a height of

2.4 percent of the local wing chord and a width of 0.25 inch, were
located in the wing slot parallel to the plane of symmetry at the 20-,
30~, 39~, 48-, 57-, 66-, T5~, and 83-percent-semispen stations. Braces
for the flap-type spoiler were mounted on top of these ribs. (See

fig. 1(b).)

The deflector of the spoller-slot-deflector alleron projected
5.5 percent of the local wing chord below the wing lower surface with
the inboard end located at the fuselage. In its undeflected position,
this deflector would extend over 8.6 percent of the wing chord. The
deflector was hinged at the 73.8-percent wing chord line and was fas-
tened to the wing by seven braces. (See fig. 1(b).)

s
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The configurations having only a deflector utilized a deflector
that had a chord length of sbout 7.8 percent of the local wing chord
when in the undeflected position. Although this deflector extended

inboard to the fuselage, it was not contoured to fit the fuselege closely.

For the deflector configurastions having a gap between the deflector and
wing surface, spacers with & helght of 2 percent of the local wing chord
and a Yidth of 5/16 inch were located at seven semispan stations. (See
fig. 1(e).)

The leading-edge chord-extensions, which are similar to those dis-
cussed in references 5 and 6, extended forward 15 percent of the local
wing chord from the 65-percent-semispan station to the wing tip. The
chord extensions hed the same section ordinates back to their maximum
thickness as did the basic airfoll sectlions at corresponding spanwise
stations. The airfoil contour paralleled the wing chord line between the
maximum thickness of the chord extenslions and the maximuim thickness of
the wing. '

Pressure Instrumentation

Statlic-pressure orifices were distributed parallel to the verticel
plane of symmetry at the 13.5- (average), 25-, 4O-, 55-, 70-, 85-, and
95-percent-semispan stations on the left—wing panel. A total of 45
orifices were located on the upper and lower wing surfaces at each span-
wise station. The orifices at the wing-fuselage Juncture (average 0.135
semispan station) were asctually located on the fuselage 0.1 inch from
the wing surface. Qrifices located on the front-and rear faces of the
spoiler (with and without the slot deflector) and the deflector used in
the spoller-slot-deflector combination were only utilized for pressure
measurements when the controls extended inboard to the-fuselege. These
orifices were distributed parallel to the vertical plane of symmetry at
the 14%-, 25-, 40-, 55-, T70-, and 85-percent—wing semispan stations.
Eight orifices and six orifices were located on the spoller and deflec-
tor, respectively, at each spanwise station. (See fig. 1(b).) The
pressures were transmitted by means of small tubing through the model
and its support system to mercury manometer boards.

TESTS

The configurations shown in figure 2 were generally tested through
an angle-of-attack range from 0O° to approximately 21.50 for Mach numbers
from 0.60 to 0.94 and up to angles of 19.4°, 15.4°, and 13.2° for Mach
numbers of 0.98, 1.00, and 1.03, respectively. These maximum angles
were not attained for all of the configurations because of model stress

. . by
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or tunnel power limitations. The variastion of Reynolds number (based on
wing mesn sercdynamic chord) with Mach number is presented in figure 3.

DATA REDUCTION

The pressure data were generally reduced by the methods described
in reference 1. TFor some conditions, however, the normally used
rectangular-step integration did not provide sufficiently accurate sec-
tion pliching-moment coefficients for the spoiler or deflector. Hence,
for these conditions the moments were obtained by manuslly integrating
the falred pressure distributions for the controls.

No corrections have been applied to the data. Sting interference
effects on the flow over the relatively remote wing and lateral controls
are believed to be negligible. Also tunnel wall effects are small for
the present test Mach number range. (See ref. 7.) Angle-of-attack
accuracy is estimated to be within +0.1°.

RESULTS

Wing stetic-pressure coefficients are given for the configuration
with the spoiler aileron extending to the fuselage in table I and for
the spoller-slot-deflector ailleron configuration in table II. Tabulated
basic wing pressure coeffilcients ‘are available in reference 1.

Wing chordwise pressure distributions showing the effects of let-
eral control projection or the effects of changes in lateral control con-
figuration are shown in figures 4 to 10. In figure 4 the upper-surface
pressure coefficients for the spoiler-alleron configuration ere based
on both wing pressures and the pressures obtained on the front surface
of the spoiler aileron. The pressures on the spoiler aileron rear sur-
face and on the portion of the wing surface over which the spoiler
aileron extends were not utilized in obtaining the pressure distributlons.
These latter spoller aileron end wing pressures tend to be equal. They
have, therefore, been omitted to simplify the pressure distributions.
Their values were approximstely equel to the upper-surface wing pressures
obtained irmediately downstream of the spoller.

For the spoiler~slot-deflector ailleron configuration in figure T,
the pressures on the front surface of the spoller and on the rear surface
of the deflector have been utilized in the chordwise pressure distribu-
tions. Tn this case the pressures between the wing and controls heve
been omitted.
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Since control pressures were obtained only for the two configura-
tlons where the lateral controls extended into the body, control pres-~
sures are not svaeilable for the chordwise pressure distributions shown
for the remaining control configurations in figures 5, 6, 8, 9, and 10.
For these configurations the pressure distributions have not been
extended over the control.portion of the wing.

Wing spanwise load distributions and wing section center-of-pressure .
Jocations are presénted in figures 11 and 12, respectively, for the basic
model, for the spoiler-slot-deflector configuration, and for the config-
uration with the spoiler alleron extending to the fuselage. Wing-panel . _
normal-force characteristics, lateral center-of-pressure locations, and
longitudinal center-of-pressure locations for these three configurations
are presented in figures 13 to 15, respectively.

Control load characteristics are shown in figures 16 to 21 for the
spoller-sglot-~deflector alleron. These characteristics are with and
without the leasding-edge chord-extensions added to the model. Figures 16,
18, end 19 also include the control load cheracteristics for the spoiler
ailleron that extended to the fuselage.

In figures which show comparisons at one angle of attack, the angle
glven 1s an average for the compared configurations. The maximum devia-
tlon from this angle is 0. 1°.

"

DISCUSSION

Wing Chordwise Pregsure Distributions

Spoiler ailerons.- At M = 0.60, figure 4(a) shows that at low angles
of attack the addition of the spoiler aileron to the model caused an
increase in the upper-surface pressures ahead of the spoller, a decreasse
in the upper-surface pressures behind the spoiler, and a decrease in the
lower=~surface pressures. The effects were aboutthe same as those shown
in reference 1 with retractable spoilers deflected 0.0Oke. In both cases
the flow was separated ghead of and behind the—spoilers. The primary
difference was that, behind the retractable spoller alleron, complete
recovery of the flow generally occurred beflore the flow reached the wing

trailing edge at —%— = 0.135 and 0.25. In the present case similar flow

recovery wes not obtalined probably because of the higher deflection of
the spoiler aileron above the wing surface.

The region of fairly large pressure rise ahead of the spoiler A
aileron extended forward of the spoiler in spproximetely the shape of a
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spanwise wedge with the apex apd the highest pressure occurring at

E%E = 0.135. The peculiar shape of the pressure distribution upstream
of the spoller-sileron top edge at EZE = 0.25' was a result of the pres-

sures near the leading-edge front surface of the spoiler aileron belng
less than either the immediately preceding wing pressures or the fol-
lowing spoiler-aeileron pressures. Thls pressure pattern is believed
to be assoclated with a vortex-type flow lying in the separated region
ahead of the spoiler-aileron trailing edge. (See ref. 1.)

As the angle of attack was increased for M = 0.60, the effect of
the spoiler ailleron on the wing pressures did not chenge appreciably
until angles of attack were reached where flow separsation on the basic
wing began to progress inboard from the wing tip. (See fig. 4(a).)

At these angles of attack the spoiler-aileron influence was reduced,

as would be expected, since the spoiler silleron was in a separated flow
region where the local flow was predominantly spanwise. (A discussion
pertaining to flow separatlon and other flow phenomena over the basic
wing may be found in ref. 6.)

Figure 4 shows that, as the Mach number was increased from 0.60 to
1.03, the influence of the spoiler aileron on the lower-surface pres-
sures became confined to the trailing-edge reglon. This confinement
probably occurred because shocks on the lower surface opposed the
upstream transmission of pressure changes. On the upper surface, the
forward extent of the spoller-asileron influence became more confined at

the inboard stations, and at ;Xz = 0.135 some pressure recovery occurred

behind the spoiler alleron at the higher Mach numbers. The confinement
on the upper surface was probably caused by the presence of a shock wave
assoclated with the separation point ahead of the spoiler aileron. The
presence of this shock would have opposed the upstream transmisslion of
the spoliler pressure field except outhoard where the boundary layer was
thickened.

Figure 4 also shows some unexpleined effects of increasing Mach num-~
ber from 0.60 at angles of attack of about 8.5° and 13°. At an angle of
attack of about 8.5° and Mach numbers of 0.80 and 0.90, the spoiler
aileron has much less effect on the upper-surface pressures for s short

distance upstream of its trailing edge at E%E = 0.55 +than at 3%5 = 0.40
or 0.70. A similar effect occurs at EXE = 0.70 for the higher Mach num~

bers. At an angle of attack of about 13° and some of the higher Mach
numbers, the addition of the spoiler aileron to the model caused an
increase in normal force at the two outboard stations where flow
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separation existed on the basic model. With increésing Mach number
this normal-force increase reached a maximum at s Mach number of
about 0.94 and then decreased to s very low value at a Mach number
of 1.00. Although the reasons for the normal-force increase are not
known, the relatlve-projectlion of the spoiler to the boundary-layer
thickness must certainly be a factor.

Since inboard lateral controls do not usually extend into the
fuselage on actual alrcraft; inboard portlons of the spoiler alleron
were removed to determine the fuselage end-plate effect on the wing
pressures. The results for the inbosrd stations are presented without
discussion in figures 5 and 6 for two representative Mach numbers.
Since moving the inboard end location to 0.16b/2 or. 0.22b/2 had negli-
gible effects on the wing pressures at the outboard stations, these
pressures are not shown. The effects of inboard end location on the
rolling moments were small, as shown in reference 3.

The qualitative effects on rolling-moment effegtiveness of the
usual pressure changes due to the spoiler ailerons were &s follows:
The pressure rise on the upper surface ahead of the spoller-aileron
trailing edge and the pressure reduction on the lower surface decreased
normal force and thus contributed to a favorable rolling moment. The
pressure reduction on the upper surface behind the spoiler aileron, how-
ever, was adverse. At higher angles of attack rolling-moment effective-
ness decreased because of wing flow separation. The actual rolling-
moment coefficients resulting from the pressure changes are avallable in -
reference 3.

-t

Spoiler-slot=deflector aileron.~ In figure 7 the compression region
on the lower surface, which 1s due to deflector projection, 1s shown as
terminating at about the 70-percent chord line. This chordwise position
corresponds to the deflector leading edge. The compression region on the
upper surface, which is due to spoller projection, is shown as terminating
at about the Th-percent chord line. This position corresponds to the
spoiler trailing edge.

Comparison of figures 4 and 7 shows that adding the slot deflector
to the spoiler generally hed negliglble effects on the upper-surface
pressures ahead of the spoiler. Behind the spoiler at the 0.135b/2 sta-
tion, the addition generally resulted in more upper-gurface pressure
recovery for the lower Mach numbers. In many cases, for stations out-
board of O. 25b/2, the effect—of the addition was also to reduce slightly
the upper-surface pressures behind the spoiler.

The unexplained effects on the pressures which were discussed foroa
spoiler-aileron configuration at angles of attack of. about8.5° and 13 ”
also occurred for the spoller-slot-deflector aileron configuration.
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As shown in figure T(a), the lower-surface pressures shead of the
Jdeflector became more positive. Figure 7(a) also shows for a Mach num~
ber of 0.60 that on the lower surface behind the deflector there was con-
siderable pressure recovery at the 0.135b/2 station for all angles of
attack and at the O.25b/2 station for the higher angles of attack. At
the other spanwise stations flow separation apparently existed over the
deflector rear surface and the following wing surface for all angles of
attack. In the outboard portion of this separated region, the pressures
approached those existing on the upper surface behind the spoiler.

The unusual shape of the pressure pattern existlng over the deflec-
tor rear surface and the downstream wing surface at the O. 25b/2 station
may be associated with a separated vortex-type flow such as that believed
to occur ahead of the spoiler and also discussed in reference 1.
Increasing angle of atteck or Mach number generally had very little
effect on the type of flow exlsting on the lower surface of the spoliler-
slot-deflector configuration. (See fig. 7.)

With respect to rolling-moment effectiveness, the most important
pressure changes due to the addition of the slot deflector to the spoiler-
aileron configuration were an the wing lower surface. The pressure rise
on the wing surface shead of the deflector was detrimentel; whereas, the
pressure reduction on the deflector rear surface and the following wing
surface was beneficial. Unpublished results show that the magnitude of
the pressure rise, which corresponded to an increase in normal force,
was reduced epprecisbly by decreasing the deflector chord so that its
deflection was 0.04c instead of 0.055c. TIf the deflector chord is
decreased so that its leading edge is at the slot leading edge for the
unprojected case, then the pressure rise can probebly be eliminated.
(See ref. 8.)

At low angles of atteck the pressure reduction on the deflector
rear surface and the subsequent wing lower surface resulted in increased
rolling moment as it caused the normal-force load over the wing trailing-
edge region to decrease from & positive to an almost negligible value.
The magnitude of the pressure reductlon was largest at the inboard sta-
tions. At high angles of attack the pressure reduction resulted in the
wing tralling-edge 1oad1ng decreasing considerably over the entire span
of the ailleron.

Deflector ailerons.- One of the problems often assoclated with
spoller-slot-deflector allerons is that the yawing moments due to con-
trol projection, &lthough favorable, are larger then desirable. A pos-
sible method of reducing these yawing moments is to project the deflec-
tor part of the control on one wing panel simultaneously with projection
of the complete control on the opposite wing panel. A shortcoming in
this solution, however, is that the roll contribution of the deflector
part of the control would probably be reversed at moderately high angles
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of attack. The effects on this reversal problem of deflector projection
and of a gap between the deflector tralling edge and the wing surface
were, therefore, studled in & brief investigation.

Results presented in figure 8 at a Mach number of 0.90 for a low
deflector projection (Sd = 0.016c) show an expected favorable presbure
rise on the lower wing surface ahead of the deflector. On the lower
wing surface behind the deflector the pressures were decreased by adding
the deflector. The flow in this reglon, however, was not generally
separated. As the angle of attack was increesed, the reglon of pressure
reduction became larger at the outboard stations and the region of pres-
sure rise tended to become smaller. These pressure changes resulted in
rolling-moment reversal at moderate angles of attack as shown by the
force data of reference 3. B

As would be expected from the chordwise pressure digtributions of
figure 9, the force data presented in reference 3 dlso show reversals
in rolling-moment effectiveness at moderately high angles of atitack when
the deflector projection was increased to 0.0h5c, The effects on the
wing pressures of adding a 0.02c gap between the deflector trailing edge
and the wing (see-fig. 10) were also too small to prevent reversals in
rolling-moment effectiveness at the moderately high angles of attack.
(See ref. 3%.)

Wing-Section Loadlng

At M= 0.60 for low angles of attack, figure 11(a) shows that the
addition of the spoiler alleron cto the model caused the largest reduc-
tions in the semispan load distributions between 4O and 80 percent of
the wing semispan. Apparently, the large reduction in presgsure which
occurred on the wing surface behind the spoiler caused consilderable

reduction in control effectiveness inboard of €§§ = 0.40. (See fig. L.)
Increasing Mach number caused the region of maximum load change at low
engles to shift outboard to about S%E = 0.80. (See fig. 11.) As indi-

cated in the discussion of the chordwise pressure distributions, the
reduction in loading due to the spoiler ailleron was much smaller at high
angles of-attack than at the low angles.

For low angles of attack, figure 11 shows that adding the spoiler-
slot~deflector alleron to the model caused larger decreases in loading
at-the inboard stations and smasller decreases in loading at the outboard
stations then did the spoiler sileron. At high angles of attack, the
spoiler-slot-deflector aileron caused a reduction in the outboard loading
which was as large or Jarger than that caused by the spoiler aileron.
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Reasons for these reductions were indiceted in the pressure-distribution
discussion of figure 7.

At several Mach humbers and angles near 130, figure 11 also shows
load increases over about the outboard 20 percent of the wing semispan
that were caused by adding either lateral control to the model. These
increases were also considered in the discussion of figures L and T.

Figure 12 shows that, below an angle of attack of about 80, addi-
tion of the spoiler aileron to the model usually caused the section

centers of pressure to shift forward at stations outboard of A 0.25.

b/2
This shift occurred because the wing loading behind the spoiler aileron
became progressively less across the wing semispan. (See fig. L4.) At
high angles of attack where ite effectiveness was considerably reduced
the addition of the spoller aileron had only small effects on the section
center-of -pressure locations.

Addition of the spoiler-slot-~deflector aileron to the model generally
caused a larger forward shift of the section centers of pressure than did
the addition of the spoller aileron. This shift generally occurred st all
spanwise stations for all angles of attack except those near 0°. The
larger forward shift resulted primesrily because the additlon of the slot
deflector greatly reduced the trailing-edge loading.

Wing~-Penel ILoading

The effects of the spoller aileron and spoiler-slot-deflector
alleron on the wing-panel loading characteristics are analogous to their
effects on the section pressures snd loadings. These characteristics
(see figs. 13 to 15) are, therefore, presented without discussion.

Spoiler and Deflector Pressure Distributions

The pressure distributions of figure 16 show that the pressures on
the front of the spoiler decreased from positive values at low angles
of attack to negetive values at high angles. This trend seemed to be
infiluenced mainly by wing flow separation spreading inboard from the
wing tip as angle of attack was increased. The chord-extension effects
on wing flow separation (see ref. 6) delayed the trend in the spoiler
pressures at the outboard station for angles of attack of about 12°
to 17°. With this exception, figure 16 shows very little effect of
configuration on the pressures over the front of the spoiler.
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At low angles of attack the spoiler front=face pressures at the
inboard stations were apparently influenced considerably by circulation
in the separated flow upstreem of the spoiler trailing edge. As indi-
cated in the discussion of figure %4, this circulatory flow probably
resulted in the pressures 1in the region of the spoililer base being less
than the immedlately preceding wing pressures or the pressures at about
the midchord of the spoiler. A somewhat simllar pressure pattern is
shown in reference 1 for a spoiler which essentially extended perpen-
dicular to the wing surface. This reference shows, however, that the
two high-pressure regions occurred at the top and bottom of—the spoller
front face. This effect of spoller deflection angle on. the pressures
also agrees wlth results obtained at supersonic speeds. (See ref. 9.)
It seems probable that—the position of the high-pressure region nearest
the upper edge of the spoilers gives an indication of the height of the
separated flow.

Figure 16 also shows that the negative pressures on the rear face
of the spoiler were affected by the addition of the slot deflectory
that is, flow through the slot caused_the pressures nearest to the wing
10 increase. - ' o

The pressure distributions for the deflector, as shown in figure 17,
were only slightly affected by angle-of-ettack changes. Also, adding the
chord-extensions hed very little effect on these distributions. The posi-
tive pressures on the front of the deflector usually decreased as the dis-
tance to the wing became less probably because of flow through the slot+
On the rear face of the deflector the pressure variations shown in fig-
ure 17 at the two inbeard stations were probably caused by the separated
flow phenomens indicated in the discussion of figure 7.

Spoiler and Deflector Spanwise Loading

Some of the results for the spoiler and deflector span-loed distri-
butions shown in figures 1% and 19, respectively, have been summaerized
in reference 2. Thls reference ghows that at low angles of attack the
shape of the load distributions was similar for the deflector end the
spoiler (with and without the slot deflector added to the model). It
also indicates that Mach number had very little effect on the shape of
the span~load distributions.

The 1arge:loads at the inboard stations of the spoiler and deflector
(see figs. 18 and 19) occurred because the typical effects of sweep did
not exist at these statlons. Similar results have also been found at
supersornic speeds. (See ref. g. ) The spoiler loaeds decreased with
increasing arigle of attack primarily becsuse wing—flow separation caused
the spoiler front-face pressures to decrease.’ (See fig. 16.) The effect
of-the flow through the slot was to reduce the spoiler loads at all angles
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of attack. The chord-extensions caused & slight increase in the spoiler
loading at the outboard stations for angles of attack from shbout 12°

to 17° Chord-extension effects on deflector loading, however, were
negligible. The unexpleined flow phenomens noted at an angle of attack
of 8.50 in the discussion of the chordwise pressure distributions of
figures 4 and T resulted in decreased spoiler loads as shown in figure 18.

With regard to totael control normael force, reference 2 indicates
that, for large control deflections, tests need only be made at low
angles of attack to establish the maximum control loads; that is, the
spoiler loads decreased and the deflector loads veried only slightly
with Increasing angle of attack. Increasing Mach number caused small
increases in the total control normal-force coefficients (ref. 2).

Although no methods are known for estimating the control loads,
references 10 and 1 show that, for retractable spoiler silerons, spoiler
load at any spanwise position can be determined by measurement at the
wing surface of the pressure drop across the spoiler. Studles utilizing
the wing orifices at 0.65¢c and 0.75c¢c indicate that this statement also
generally applies to the spoller aileron of this peper. It does not
apply, however, in the case of the spoiler and deflector of a spoiler-
slot~deflector aileron. In these cases, flow through the wing slot, as
previously indicated, has a large effect on the control pressure distri-
butions. This effect will probably vary with control geometry.

In figure 20, spoller center-of-pressure locations for the spoiler
configuration have been omitted in meny cases at the higher angles of
attack because the spoiler 1oads became very small. For the spoiler
(without the slot deflector on the model) or the deflector (see figs. 20
and 21, respectively), the section center-of-pressure locations generally
varied only slightly across the control span. In both cases these center-
of -pressure locations were usually slightly aheed of the control 50-percent
chord line.

The addition of the slot deflector to the spoiler configuration, how-
ever, caused large rearward shifts in the spoiler center-of-pressure loca-
tions below an angle of attack of about 8° (see fig. 20); these shifts
were caused by the flow through the wing slot. (See fig. 16.) At higher
angles where the spoiler loads were smell, inconsistent shifts were caused
by both wing flow separation and the flow through the wing slot.

Adding the chord-extensions to the spoller-slot-deflector configure-
tions had a small effect on the spoiler center-~of-pressure locations except
for angles of attack where the spoiler loads beceme small. In the case
of the deflector, however, the effect was negligible through the angle-of-
attack and Mach number range.

’\d, &l
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CONCLUSIONS

An investigation was made with spoiler ailerons, deflector allerons,
and a spoller-slot-deflector allercn mounted on a h56 swept-wing-—fuselage
combinatlion. These controls were located in the vicinity of the T7O0~percent
wing chord line and extended outboard to 87 percent of the wing semispan.
Pressures were measured on the wing and some of the control components at
several spanwise stations for Mach numbers from 0.60 to 1.03 and for an
angle-of-attack range of about 0° to 20°. This investigation is a closely
related extension of a previously reported gtudy of retractable spoiler
ailerons (NACA RM L54ClTa).

1. Effects of flep spoller ailerons and retractable spoiler ailerons
on the wing pressures are generally similar.

2. Adding & slot deflector to & spoiler-aileron configuration creates
low pressures on the rear surface of the deflector and the subsequent wing
lower surface, which have a favorable effect on rolling moment, particu-
larly at high angles of attack. :

3. At-low angles of attack the low pressures associlated with a slot-
deflector have their largest effects on the spanwise and chordwise
loadings for a swept.wing at the inboard stations. These low pressures
tend to be of the same magnitude as the upper-surface pressures behind
a gpoiler which are lowest at the inboard stations.

k. At high angles of attack where a spoiler has a rather small effect
on wing loading, the low pressures associated with a slot deflector affect
the loadings over most of the wing span. _ -

5. Flow through the wing slot-had a large effect on the chordwise
loadings of the spoiler and deflector, but at low angles of attack the
spanwise load distributions were simller 1n shape for the spoller aileron
and the spoiler and deflector components of the spoiler-glot-deflector
alleron.

Langley Aeronsutical Leboratory, _
National Advisory Committee for Aeronsutics,
Langley Field, Vea., September 12, 1957.
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TABLE 1. - WING WITH SPOILER

Pregsure coefficient
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TABLE L - WING WITH SPOILER - Continued

Preasure coefficient

Pez o.mb/E{ o.zsb/zJo.mb/zF.ssb/z' o.-mb/zTo.ssa/zLo.an/zlo.msb/zLo.m/z lcT.&ob/zl 0.53b/2 0.70b/2l D.BEb/I[B.“b/l
[}
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TABLE 1. - WING WI'TH SPOLLER -.Contlnued

Pressure coefficlent

Upper surface

Lower surface

Upper surface

Lower surface
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TABLE I. - WING WITH SPQILER - Continued

Pressure coefflclent
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TABLE I, - WING WITH SPOILER - Continued

Pressure coefficlent

Upper surface

Lower surface ~
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TABLR I. ~ WING WITH SPOILER - Continued

Presgure coeflicient
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TABLE 1. - WING WITE 8POILER - Continued

Pressure coefficlent -

Per- 0.135b/3j 0.280/2 Jo:ob/q o.asb/zT o.vou/:To.ssn/zfo.esu/z ,o.zsm:/z, 0.28b/2 ] 0.4017/2} O.;Sb/ﬂ 0.70b/2 F.ssb/:] 0.95b/3

cent
chord
M 0s98 a » 0,45 . . . M =Qe98 oA=L h6e
0.0, «280| 4533 | o363 | 4541 | aa26 | ea77 298] oar7 +293
1.2 0231 4008 | ~4002 | o183 188 | 210 +150 -s708
24 =2047 | =4012 +018 -e618
50 -2023 | 4007 as183
75 =4030 | 018 =a148
0.8 o046 | 020
15.0 ~e054 | 4057
19.6 +070
5
3|2
34.8
Hl39s
s
% 45.5

Upper surface

* OR VP ONORORDONO NI N O

04

OO 1T O AR AR W I b

MEN BN~ X

»3 535 25

O NCC U AR BN RK BN AT = O OO 4 v O ROV L 1T A I it IR P OO WD AN ©

Lower surface
W N

© Ve~ ~ Gap
PPN RO AD b




4S

NACA RM L57J11

TABLE 1. - WING WITH 8POILER ~ Continued

Pressurs cosfficient
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TABLE 1. - WING WITH S8POILER - Continued

Pressure coefflclent
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TABLE L - WING WITH SPOILER - Continued

Preasure coefficlent
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TABLE I, - WING WITH S8POILER - Concluded

NACA RM L57J11

Pressure coefficient
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TABLE II. - WING WITH SPOILER-SLOT-DEFLECTOR

Pressure coefficlent
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TABLE IL - WING WITH SPOILER-SLOT-DEFLECTOR - Continued

NACA RM L57J11

Pressure coefflcient
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TABLE II. - WING WITH SPOILER-SLOT-DEFLECTOR - Continued

| Wy e

Predgure coefficlent

O.ISEb/ﬁ.I 0.28b,2 lu.«m/z l 0.“17/2] 0.700/3 | o.m/ﬂj.en/z|o.mb/zl o.zaﬁLu.40b/z| 0.55b/2 l o.-mb/zl o.asb/z’ 0.95b/2

M »0e80

« = g,17°

M w0480

« = 6,17
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Lower surface

Upper surface

Lower surface
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TABLE 11, - WING WITH SPOILER -8LOT-DEFLECTOR - Continued

Pressure coefficient

Upper surface

Lower surface

Upper surface

Lower surface

Per- o.1sub/zl 0.55b/2 lo.mb/: l 0.55!7/2, 0.700/2 l O.BSb/!l 0.95b/2 l0.185b/2l 0.36b/2 | 0.40b/2 ] o.ub/zJ 0.70b/2 | 0.85b/2 | 0.55b/2
cent
chord
M = 0480 = 16,73° o=
0.4 4065 | 14236 =688 -4 876
1.2 21
A4 11
540 11
7.5 03
10.0 03
15. ¢ . 808
19.6 -2 797
24.5% s T9A
25.5 “e789
4.5 -y 782
5.5 ]
44.5 -2 763
49. 3 - 751
54,5 - 736
59.5 727
64.5 + 708
69, 6
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79.5 2%
84.6 - 632
89.6 - 632
94.6 —e821
1.3 s h60
2.6 « 578
5.0 «609
1.6 +590
10.1 «585
15.1 3821
19.6 2 ATY
24. 5% 39
29.5% 02
34.3 69
39.5 40
44,5 » 318
49. 5% 291
54,5 294
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64. 8 2381
69, 5-
74.6 -2 790
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84. 6 -a 800
89.7 =-+702
94. 6 -+ 583
2=
0.0 » 281
1.2 844
2.4 882
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19.6 -e 113
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29.5 21 0A8
34.5 «099
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TABLE . - WING WITH S8POILER-SLOT-DEFLECTOR - Continued

Pressure coefficient
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TABLE I. - WING WITH SPOILER-8LOT-DEFLECTOR - Contlnued.

NACA RM L5T7J1L

Pressure coefficient
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TABLEF. 0. - WING WITE SPOILER-SLOT-DEFLECTOR - Contlnued

Preasure coefficient

pez. 0.1350/3] o.zsb/z—Emu/z oussr2] O.TOb/ZT 0.85b/2] 0.95b/2 |E.1asb/: 0.25b/2 o.4ob/:l 0.55b/zlo.70b/2F.nEb/;| 0.85h/2

M = 0694 o = 8,25° M =0494 a« = 12,73%
6.0 «302 1008 : =shls| =o563
1.2 «102 | =1e208 1| ~1+304] =1s133
2.4 [ -e200) 10102 -1.;22 -i.-}g:
. -¢330 | =14046 ~1e -1.
7.5.] ~e3571 =775 ~14191 | =14075
10.0 | ~e385 | -o663 ~10128 | ~1¢089
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g | 29. —e343 | —ddB2 0926
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TABLE II, - WING WITH §POILER-SLOT-DEFLECTOR - Continued

Pressure coefficient
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M w0e98

a = 0.26%

M=0498 a = [,22%

Upper surface

Lower surface

Uppar surface

Lower surface

o

«548

o381

0295
4250
2024
—s051
=e094
“s131
~s112
~elddk
=178
=s159
=198
~e191
=+196

~e

P

WL N
Ok DROMO

oo -
PEwR 0

0o ~-J
=% 3%
G OO VIO AN K TR A DO O AN O

-
*>

G W e e
0 A0 A RO N BN
RO o o OO W

s241

2220

=+904

—e438
—e356
~e152




NACA RM L57J11 ) "

‘TABLE II. - WING WITH 8POILER-SLOT-DEFLECTOR - Continued

Pressure coeffictent
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TABLE II. - WINQ WITH SPOILER-8LOT-DEFLECTOR - Continued

Pressure coefficient
Per- o.1asb/z| 0.25b/2 Jo.wb/z ] o.m/z] 0.70b/2 l 0.85!:/21 0.95b/2‘0.135h/2| 0.25b/2 ] o.mb/zl 0.55b/2 l 0.70b/2 | 0.85b/2] 0.95b/2

Upper surface

Lower surface

chord
M = 1200 ¢ = 6,22° _M=1e00 _d = 8.25% R

0.0 333 0258 | 4204 +002 +0853 349 0110 | T JO3F | SOTFE
1.2 4220 | =957 |~14043 | —4999 | ~e812 +173 =14141 [m1,118
2.4 | =020 | ~e931 [=14023 | =4950 | =-4634 4113 14123 [=14090
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7.5 | ~e146 | —e424 | o833 —e486 ~+286 ~14019
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54.5 334 0200

59. 5% 0226 o183

bt B 0220 o161

49.6

(TA.6 | =4898 | =e812 | =~y4647

79.5 -e883 =~e79% -sb39

84.6 | =e794 | =781 | w4673

89.6 | ~e878 | ~e770 | =e702

64.6 | =599 | =732 | -4700
1.3 457 o530 0520
2.6 o427 478 «A58
5.0 434 *386 387

1.6 *399 +338 o334

10.1

5.1

Upper surface

Lower surface

PEORO NN O

I et

G AR R OO MO AN O

L X X1
B RS

-
B MO N oN

CNOCCRBN ARG K O =0 O W

RERIFITB RGN




NACA RM L57J11

TABLE L. - WING WITH SPO(LER-SLOT-DEFLECTOR - Concluded

Pressure coefflcient

Per- o.135h/z| 0.250/2 E{m/!F.En/ZI O.TOb/‘lJ o.nmﬂu.eub/z|u.1ssu/: 0.36b/2 Eob/zl o.ssu/zﬁ.-roa/zl 0.85b/2 Lu.m/z

M w1e03 o = 0.26% K . M ale03 ¢ = .22°

0041 4234 «550 0592 o524 o564 o579 386

1.2 339 «010 017 233 *223 0249 0242
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5.0 [ o123 [ -e012 057 185 o183 «177 «181
7.5 #081 | «a024 «090 °177 163 o154 112
10.0 e0AT | —o0A3 109 171 s163 2142 #2086
15,0 [ ¢036 | -a05% o147 176 163 s 146 024

i9.6 | 0l4 | «a061 151 *197 «180 +188 °003
24.5 | =e02% | -s040 *222 o197 a181 o181 «031
29.5 [ ~e010 °087 +247 o218 o193 +165 0h7
34.5 | =e0AT «166 2278 244 o213 «180 «083
39,5 || =s029 o283 o318 0287 o246 o192 «083
44.5 «032 «340 0384 o311 0286 o218 062
.128 o431 bl o342 *338 258 «009
56.5 | 257 o548 437 oAl 388 o308 | =a073
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100

Quarter ohord line

«681 ohord lins

WING DATA
Taper ratio 0. 60 1
Aapect ratio 191. S . P o= “
Wi [ 3 a
u:%an ssction WACA 2 AD06 chord-extension 13. 5——-l
(Parallel to s:la.na
of aymmstry

(a) Model.

o1 q
s ¢ Pressurs orifice

+078c
Brace

Braoce

(b) Spoiler-slot-deflector. .. (e) Deflectar. (Section.
. . parallel to plane of

(Section parsllel to
plane of symmetry.)

Figure 1.- Diagram and dimensional details of wing-fuselage model and
cross-sectionsal detall of two different type spoiler control con-

figurations. (All linear dimensions are in inches, except as
noted.)

symmetry. )
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Figure 2.- Geometry of test configurations. (Not to scale.)
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Figure 3.~ Variation of Reynolds number (based on wing mean serodynamic chord) with Mach number.
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Basic wing -
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5z " 040 b2 bz 070 -

-1.6

Pressure coefhcient, Cp

1 1 L] 1 J
10 o0 1D o oo o 10 o 1.0
Fraction of chord, x/c

(a) M = 0.60.

Figure 4.- Wing chordwise pressure distributions for the basic model
and & spoiler aileron configuration.
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Basic wing
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() M = 0.80.

Figure 4.- Continued.
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Basic wing
— — — Spoiler
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Figure 4.- Continued.
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Figure 4.- Continued.




L8 NACA RM L57J11

Basic wing
— — — Spoiler —
LA . S X .
0135 ... . ==—=—=1=0Q40 o5 ;0_55__ 75 =085

-8 . =

Pressure coefficient, Cp
1 1
= b=
o ® O ®w o ®w o

=16

-8

8.‘:/"."' ~/|'/T||| ML s R | .
o s ) 10 0 10 0 AR e S o BN I o

Fraction of chord, x/c i

(e) M =0.98.

Figure 4.- Continued.
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(f) M = 1.00.

Figure 4.- Continued.
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Basic wing -
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Figure 4.- Concluded.
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—— by=0l4b/2
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Figure 5.- Wing chordwise pressure distributions showing the effect of
changing the inboard end position of & spoller aileron from epproxi-
mately 14 to 16 percent of the semispan.
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Figure 6.- Wing chordwise pressure distributions showing the effect of changing the inboard end
position of a spoiler aileron from 16 to 22 percent of the semispan.
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Figure T.- Wing chordwise pressure distributions for the basic model
and s spoiller-slot-deflector aileron configuration.
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Figure T.- Continued.
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